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Abstract
Experience gained in a workplace characterised by decision-making and learning-
by-doing is modelled via a process of signal accumulation under several different
frameworks. We initially look at the probability of success based on uninterrupted
signal accumulation, then consider the impact of rapid labour turnover under two
alternative regimes. The first allows new workers to gain some of their
predecessor’s experience through Bayesian inference on reported earlier actions.
The means of information transfer between workers is therefore similar to
observational learning in herding or informational cascade models. The second
regime considers all experience to be lost when a worker is replaced. We see that
although with valuable experience the first regime appears a much better outcome
for firms, transferring some knowledge to future workers carries with it the risk of
excess inertia in decision-making.
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4Wkh dxwkru fdq eh frqwdfwhg dw Ghsduwphqw ri Dssolhg Hfrqrplfv/ Vlgjzlfn Dyhqxh/ Fdpeulgjh
FE6 <GH/ XN dqg yld hpdlo wr gdqlho1vjurlChfrq1fdp1df1xn1 Wkh dxwkru zrxog olnh wr wkdqn DHD
Whfkqrorj| iru ixqglqj/ dqg Dqguhz Whpsoh iru pdq| xvhixo frpphqwv1
5Wkh uhfuxlwphqw lqgxvwu| iuhtxhqwo| dwwhpswv wr phdvxuh wkh frvwv ri udslg wxuqryhu/ exw whqgv
wr irfxv rq wkh pruh phdvxudeoh dqg hdvlo| xqghuvwrrg hohphqwv1 Jodqflqj dw wkh olwhudwxuh sur0
ylghg e| prghuq uhfuxlwphqw upv surylghv d jrrg lghd ri zkdw duh frqvlghuhg wkh pdlq frvwv
ri oderu0wxuqryhu1 Wkh _gluhfw frvwv% hpskdvl}hg lq wkh olwhudwxuh lqfoxgh wkh frvwv ri klulqj dqg
ulqj/ lqwhuylhzlqj/ khdg0kxqwlqj dqg wudlqlqj1 Wkh pruh vxewoh _lqgluhfw frvwv% uhodwh wr wkh }hur0
surgxfwlylw| ri dq hpsw| ghvn1 Yhu| h{kdxvwlyh lqgxvwu| uhsruwv pljkw dovr dgg orvvhv gxh wr mrlqw
surgxfwlylw|1 Jhwwlqj forvhu wr wkh frqfhuqv ri wklv sdshu/ wkhuh lv vrph dzduhqhvv wkdw wudlqlqj

2L?t_ih @ *i@h??} 4L_i* ? U @ ti^i?Ui Lu t}?@*t |@!i? uhL4 @ _t|hM|L?
Ui?|ihi_ @hL?_ |i ULhhiU| @U|L?< M*_ T |L ThL_i @ U*i@h @?_ 4ThL?} ?_
U@|L? Lu @| @ _iUtL?4@!ih tL*_ _L #iTi?_?} TL? |i ^@*|) Lu |i t}?@*
_h@tc |i @M*|) |L }i| |i _iUtL? h}| | @ } _i}hii Lu @UUh@U) U@? Mi
LM|@?i_ Lu|i? ih) ^U!*) At t Lh M@tU 4L_i* Lu |i M*_?} Lu i Tihi?Ui 
Lh!ih ** hiUii t}?@*t  ThL it uLh hiTLh|tc ?|ih@U|L?tc |i*iTL?i UL?iht@|L?tc
@?_ tL L?c U @**L @ Lh!ih |L 4ThLi ? t _iUtL?4@!?} Lih |4i Aiti
t}?@*t @hic M) |ih ih) ?@|hic Th@|i ‘*i @ Lh!ih ** @??L?Ui t _iUtL?
|L |i h4c | t Lu|i? ?L| ?iUitt@h)c ih) i Ti?ti ? |ih4t Lu |4i @?_ 4L?i)c @?_
?_ii_ ih) _U*|c uLh 4 |L hii@* |i ThiUti h@|L?@*i Mi?_ t _iUtL? W?
u@U| | t ? t ?|ihit|t |L !iiT t t}?@*t Th@|i 5L |i h4 tiit @ ti^i?Ui Lu
_iUtL?tc *i |i i4T*L)ii tiit @ ti^i?Ui Lu t}?@*t }h@_@**) 4ThL?} t L__t
Lu tUUitt | tL4i TL?| Liih @ ?i Lh!ih ** hiT*@Ui |i ThiLt i4T*L)ii W|
t U*i@h |@| h@|ih |@? t4T*) 4@}??} @** |i i@h*ih _iUtL?4@!?} Lu t Thi_i
UittLh @t *Lt|c | L*_ Mi ? |i ?i Lh!ih<t ?|ihit|t |L @__ |L t M@tU !?L*i_}i
@ML| t ?i LMc M) @||i4T|?} |L ?uih |i t}?@*t Lu t Thi_iUittLh Ai 4Lt|
LMLt @TThL@U t |L @tt4i |@| @ ?i i4T*L)ii ** ti @)it@? ?uihi?Ui L?
|i LMtihi_ T@t| @U|L?t Lu t Thi_iUittLh |L it|4@|i |i @*i Lu t t}?@*t @?_
@U| L? |t
Aihi t @ t4*@h|) Mi|ii? |t @?_ i t|?} ih_?} 4L_i*t ? U T@t| @U|L?t
M| ?L| t}?@*t U@? Mi LMtihi_ tU @t @?ihii Ebb2 @?_ !U@?_@? i| @* Ebb2
W? tU @? ?uLh4@|L?@* U@tU@_i i 4}| tii @}i?|t |h@TTi_ ? @ ih_ L? @ T@h|U*@h
_iUtL? MiU@ti Lu |i LMtih@|L? |@| |i _iUtL? @t TLT*@h ? |i T@t| 
ui i@h*) ULUit U@? |ihiuLhi Uhi@|i U@tU@_it Lu _iUtL?4@!?} ?|L @ T@h|U*@h
ULUic |L} L?*) MiU@ti |i ih) ht| _iUtL?4@!iht ui*| |@| @t |i Mit|
LT|L? N?_iht|@?_?} ih_?} |iLh) @**Lt tL4i 44i_@|i )TL|itit @ML| @|
t *!i*) |L i4ih}i #iUtL?t ** Tihtt|  tL hiT*@Ui4i?| Lh!iht ** uLh @ ThL*L?}i_
TihL_ Lu |4i uL**L |i @U|L?t Lu |ih Thi_iUittLht Lu|i? Mi)L?_ i? |i i@h*ih
Lh!ih L*_ @i LT|i_ uLh @ ?i ULhti Lu @U|L? W| ** Mi ? Lh!ih<t ?|ihit|t
|L U@T|@*ti L? @** Lu |t M) !iiT?} |ih ?uLh4@|L? @t Th@|i @t TLttM*i @?_ tL
zloo qrw eh hqrxjk wr surgxfh d shuihfw uhsodfhphqw iru wkh suhylrxv hpsor|hh/ dqg lw zloo vwloo wdnh
wlph1
i |h@U| hi?|t L? |i _ih}i?Ui Mi|ii? |i L__t Lu tUUitt |i) U@? LM|@? @?_ |@|
Lu @ ?i i4T*L)ii L @t @UUitt |L UL@htih ?uLh4@|L? M@ti_ L? ?uihi?Ui Lu @U|L?t
h@|ih |@? @ *L?} ti^i?Ui Lu Th@|i t}?@*t 6?@**)c i 4}| 4@}?i |@| |i
ih_ i |ih?@*|) M@ti_ L? |t *Ltt Lu ?uLh4@|L?c ii? }i? u**) h@|L?@* @)it@?
T_@|?}c ** Mi }hi@|ih uLh ?_t|hit @?_ h4t ihi ?__@*t @hi uhii |L 4@!i
_iUtL?t U @hi ?__@**) @*@M*i i?L} |L @hh@?| |i UL**iU|L? Lu @ }hi@|
_i@* Lu ?uLh4@|L? ‘i 4}| 4@}?i |i 4T@U| Lu @ hiT*@Ui4i?| L? @ *@ h4c Lh
4i_U@* U*?U |L Mi UL?t_ih@M*i ihi@t |i _iUtL?4@!?} ? @ M*iUL**@h u@U|Lh)
t ?L| *!i*) |L @i |i t@4i igiU|  *@)ih !?L?} |@| t hiT*@Ui4i?| ** *i@_
|L |i _t@TTi@h@?Ui Lu @ }hi@| _i@* Lu M*|T i Tihi?Ui ** t |L !iiT @t 4U
Lu |t !?L*i_}i |L 4ti*u @t TLttM*i |L UL44@?_ }ih hi?|t uhL4 t i4T*L)ih
@u|ih tL4i |4i ? |i t@4i LMc *i @ h4 ** ?iUitt@h*) |h) |L UL4M@| |t M)
hi^h?} 4Lhi @?_ 4Lhi hiULh_!iiT?} |L i?@M*i u|hi i4T*L)iit |L Mi||ih ?uih
|i _iUtL?t Lu |ih Thi_iUittLht
Ai i t|?} Lh! U }i|t U*Ltit| |L |t T@Tih t Oht*iuih @?_ ‘i*U E2ff2
U @||i4T|t @ 4Lhi }i?ih@* @TT*U@|L? Lu ih_?} |iLh) |L R|i Tt)UL*L})
Lu U@?}i @?_ 4hhLht |i ?L|L? Lu i Uitt?ih|@ ? _iUtL?4@!?} ? |t T@Tih
,@h*) @TT*U@|L?t ? ih_?} |iLh) U@4i ht| |L |i ?@?U@* tiU|Lh ? ‘i*U Ebb2c
@?_ 4Lhi hiUi?| @TT*U@|L?t |L 4@h!i|?} @?_ L|ih h4 _iUtL?t @hi }i? ? 5}hL
E2fff @?_ 5}hL E2ff i)ih Ebb tLt |i 4TLh|@?Ui Lu L__ @?_ ii? ti|t Lu
?uLh4@|L?c ti_ ? |t T@Tihc |hL} @? @TT*U@|L? |L M@ti_ |Lh?@4i?|t
Ai T@Tih UL?|?it ? tiU|L? 2 | @ t4T*i 4L_i* Lu _iUtL?4@!?} ?_ih
U |i Lh!ih t i4T*L)i_ @?_ i @4?it |i ?Lh4@* *i@h??} ThLUitt M) U
i Tihi?Ui t }@?i_ @t @ uLh4 Lu t}?@* @UU4*@|L? 5iU|L?  ThL_it @)t Lu
4i@th?} i Tihi?Ui hi*@|i |L |L Mi?U4@h!t Ai ht| @tt4it |@| tL4i Lu |i
?uLh4@|L? }@|ihi_ M) Lh!iht Mi?} hiT*@Ui_ U@? Mi LM|@?i_ M) ?i Lh!iht @
@ ThLUitt Lu @)it@? ?uihi?Ui L? i t|?} hiULh_t Ai tiUL?_ Mi?U4@h! ?t|i@_
UL?t_iht |i t|@|L? ihi |ihi @hi ?L 4@?|@?i_ hiULh_t W? ML| U@tit i Tih
i?Ui t *Lt|c |L} U*i@h*) |i i t|i?Ui Lu hiULh_t @**Lt tL4i |L Mi hiU@T|hi_ ‘i
U@? @*tL 4i@thi |i @*i Lu hiULh_!iiT?} t?} |t @TThL@U 5iU|L? e i @4?it
|i ThLM*i4 Lu i Uitt ?ih|@ ? _iUtL?4@!?} U LUUht i? hiULh_!iiT?}
@**Lt tL4i i Tihi?Ui |L Mi T@tti_ uhL4 Lh!ih |L Lh!ih 5iU|L? D UL?U*_it
e2 Cj Naj,
‘i Mi}? | @ Mi?U4@h! 4L_i* tL?} L _iUtL?4@!?} 4ThLit Lih
|4i |? @ h4 i? |ihi t ?L |h?Lih L?t_ih @ M?@h) t|@|i T 5 ic jc
ihi i UL?t_ih T ’  |L hiThiti?| |i R}LL_ t|@|i @?_ T ’  |i RM@_ t|@|i
Aihi t @ _iUtL? |L Mi 4@_ic  5 itcj‘i _i?L|i |i UL?ihti Lu @? @U|L? M)
c tL u  ’ t c |i?  ’   U|L?t 4@) Mi U@?}i_ Lih |4ic | 5 Wnnc |L} |i
t|@|i t  i_ @| | ’ f M) ?@|hic MiuLhi |i ht| @U|L? U@? Mi |@!i? | |t t|@}i
i T@h||L? Wnn ?|L Wnn
ee?
c |i ti| Lu t|hU|*) TLt|i ii? ?|i}ihtc @?_ Wnn
J__
|i ti|
Lu t|hU|*) L__ ?|i}iht ? @}i?| hiUiit @ ULt|*itt t}?@* |L @ttt| ? t _iUtL?
iih) TihL_c %| 5 iMcuj U t ?uLh4@|i ? |i ti?ti |@| h d%| ’ M m T ’ o
’ h d%| ’ u m T ’ o ’ R : fDc @?_ h d%| ’ M m T ’ o ’ h d%| ’ u m T ’ o ’
 R 	 fD
‘i ti |i |ih4?L*L}) R%| t}}it|t | 4i@??} |@| |i t?}*i t}?@* %| ’ M t
t}}it|i |@| |i t|@|i t T ’ c |ihiuLhi |i @U|L? tL*_ Mi t c tL RM t}}it|t t 
@?_ t4*@h*) Ru t}}it|t  Ai t|Lh) Lu t}?@*t t M| ’ i%c c %|j W?uLh4@|L?
t _i?i_ @t U| ’ iM|3c %|j ,@U TihL_ |i @}i?| 4t| 4@!i @ _iUtL? @?_ T@)Lgt
@hiG
| ’
+
T u | ’ t
f u | ’ 
@** @ _iUtL? ULhhiU| u | 4@ 43it |c tL u T ’  |i?  ’ t t ULhhiU|c u
T ’  |i?  ’  t ULhhiU| Ai LMiU|i Lu |i @}i?| t |L 4@ 43i | U
4}| hiThiti?| @ ML?t }@?i_ L?Ui |i ULhhiU| @*i Lu |i t|@|i t hii@*i_ |L |i
i4T*L)ih 4*@|i T@)Lgt @hi }i? @tG
LA ’ T
A[
|'
t|'t 
6Iru vlpsolflw| zh vxusuhvv sulqflsoh0djhqw frqfhuqv dqg frqvlghu d uhgxfhg irup lq zklfk zh pljkw
lqfrusrudwh vrph irup ri shuirupdqfh uhodwhg0sd|1 Lq sduwlfxodu zh pljkw lpdjlqh d qdo uhihuhqfh
dw wkh wlph dq hpsor|hh ohdyhv klv hpsor|phqw ru d vpdoo shufhqwdjh fkdqfh wkdw vklunlqj +idlolqj
wr xvh doo dydlodeoh lqirupdwlrq lq wklv prgho, lv glvfryhuhg dqg uhzdughg zlwk surpsw glvplvvdo1
Sxwwlqj doo ri wklv wr rqh vlgh zloo vlpso| dvvxph wkdw wkrxjk wkh ydoxh ri wkh wuxh vwdwh zloo rqo|
eh uhyhdohg lq wkh glvwdqw ixwxuh wr wkh up/ hpsor|hhv zloo dfw wr jhw ghflvlrqv fruuhfw1
D‘ihi t|'t  t |i ?_i u?U|L? hi|h??} @ @*i  u |i UL?_|L? i| ’ t j
t t@|ti_c f L|ihti ‘i @tt4i |i @}i?| t ht! ?i|h@*c tL i U@hit L?*) @ML|
4@ 43?} |i i TiU|i_ @*i Lu | M) 4@!?} @t }LL_ @ _iUtL? @t i U@? @| |4i
|
2 Ai Lh4@* wi@h??} hLUitt W? |t T@Tih i Tihi?Ui t }@?i_ |hL}
*i@h??}M)_L?} Ai Lh!ih<t LM t t4T*) |L 4@|U |i @*i Lu |i t|@|i E Lh
 | |i ULhhiU| @U|L? Et Lh  hitTiU|i*) ,@U TihL_ @ Lh!ih }@?t @
t}?@* @?_ ThLUittit |t |L ThL_i @ t}}it|i_ @U|L? At @U|L? 4@) Mi ULhhiU|
Lh ?L|c M| |i M@tU Thi4ti Lu |t T@Tih t |@| @t t}?@*t @UU4*@|i |i L__t Lu
Mi?} ULhhiU| ** hti Ai 4i@thi Lu i Tihi?Ui t |ihiuLhi i^@*i?| |L |i ht?}
ThLM@M*|) Lu tUUitt @t 4Lhi t}?@*t @hi LM|@?i_
L?t_ih |i @}i?|<t _iUtL? uLh |i ht| ui TihL_t | | ’ f ?@|hi ULLtit @
t|@|i | | ’  |i @}i?| hiUiit |i t}?@* %c tL U ’ i%j@?_ @U|t TL? | ULLt?}
@? @U|L?  @UULh_?} |L |i t4T*i h*i % ’ M ,  ’ t : % ’ u ,  ’  
| TihL_ 2c |i @}i?| hiUiit @ tiUL?_ t}?@* @?_ t ?uLh4@|L? ti| ?L ?U*_it
|L t}?@*tc U2 ’ i%c %2j Wu t |L t}?@*t @}hii i ** U*i@h*) uL**L |i t}}it|i_
ULhti Lu @U|L? Wu |i) _t@}hii i ** Mi ?_gihi?|c @?_ ** @TT*) uL**L i|ih t
Lh   Lhi }i?ih@**) |i _iUtL? U 4@ 43it | M) |i @}i?| @| |4i | 5 W
nn
J__
c
** Mi |L uL**L |i 4@Lh|) Lu t}?@*t ? M|
e L UL?t_ih |i M?L4@* i T@?tL?
Lu |i ti| Lu t}?@*t U ** ThL_Ui @ ULhhiU| _iUtL? ) *t|?} |i UL4M?@|L?
Lu @** TLttM*i 4@Lh|) t}?@*t Lu M ? |i t|@|i T ’  i ThL_Ui |i tUUitt h@|i Lu
}i||?} |i _iUtL? h}| @| |4i |c U i _i?L|i @t w ERc |c Lh t4T*) wu
|
|
R i*_  i_
#i?|L?  Ai ?Lh4@* *i@h??} ThLUitt Ew 4@ 43it | uLh @}i?| @| |4i
| 5 Wnn
J__
c M) ti||?} | |L uL**L |i 4@Lh|) Lu t}?@*t ? M|c @?_ ThL_Uit @ t|hU|*)
7Wkh ghflvlrq0pdnlqj surfhvv lv rqo| frqvlghuhg iru wlph lqgh{hg e| w 5 W..
rgg
/ vlqfh wkh suredelolw|
ri vxffhvv lv lghqwlfdo iru w @ n dqg w @ n.4/ zkhuh n 5 W..
rgg
/ xqghu wkh ohduqlqj surfhvvhv dqdo|vhg
ehorz1 Wklv uhvxow lv vwdwhg dqg suryhg pruh irupdoo| lq Ohppd 5 jlyhq lq wkh dsshqgl{ dqg juhdwo|
vlpsolhv pxfk ri wkh dqdo|vlv wr frph1
S?Uhi@t?} 4L?L|L?U tUUitt h@|i uLh w ERc |c LuG
wu ERc | ’
|3
2[
&'f
|-
E|3&-&-
R|3& E R&
A@M*i  tLt L ^U!*) |i @}i?|<t ThLM@M*|) Lu }i||?} |i _iUtL? ULhhiU|
?Uhi@tit | @? ?|@* ThLM@M*|) Lu tUUitt R 6Lh R ’ fb |i Lh!ih @Uiit @
tUUitt h@|i Lu fbbb M) | ’ bc |L} i L?*) @Uiit @ tUUitt h@|i Lu fD.b M)
| ’ bb u R ’ fD
| wu EfSc | wu EfHc |
 fSff fHff
 fSeH fHbS
D fSH fbe2
. f.f fbS.
b f. fbHf
 f.D fbHH
 f.. fbb
D f.H. fbbS
. fHf fbb.
b fHe fbbH
A@M*i G wi@h??} +@|it uLh #gihi?| V@*it Lu R @?_ |
 jBtiA} .!VjijAWj
W? |t tiU|L? i i @4?i @ tihit Lu 4i@thit Lu i Tihi?Ui M) *LL!?} @| |i
_gihi?Ui ? tUUitt h@|it Mi|ii? |i ?Lh4@* *i@h??} ThLUitt }i? ? |i *@t| tiU|L?
@?_ tL4i @*|ih?@|i t|@|L?t ? U i Tihi?Ui t *Lt| @t @ Lh!ih t hiT*@Ui_
 5UUitt ?_ih +@T_ Ah?Lih L?t_ih @| 4}| @TTi? i? @? i Ti
hi?Ui_ i4T*L)ii t hiT*@Ui_ M) @ ?i *itt i Tihi?Ui_ i4T*L)ii Ai ?i i4T*L)ii
** ?L| @i @UUitt |L t Thi_iUittLht ti| Lu t}?@*tc M| ** i@t*) i?L} Mi @M*i
|L UL?h4 |i *@t| @U|L? Lu t Thi_iUittLhc t?Ui |t t |i @U|L? ?_ih U i
?_t |i h4 LTih@|?} @| t @hh@* *|ih?@|i*) i 4@) ii? Mi @M*i |L t@_L<
t Thi_iUittLh @?_ LMtihi t 4i|L_L*L}) ht|@?_ t| ThLh |L hiT*@U?} 4
.6h|ih4Lhi i !?Lt |i *i?}| Lu |4i t Thi_iUittLh LUUTi_ |i TLt|c @?_ @t
@UUitt |L |i t@4i t}?@* }i?ih@|?} |iU?L*L}) E|i R hi4@?t |i t@4ic @?_ t !?L?
|L |i ?i @}i?| Ai ?i i4T*L)ii U@? Lu ULhti U@*U*@|i t Thi_iUittLh<t ThLM@
M*|) Lu tUUitt M@ti_ L? |i @?@*)tt @MLic @?_ ** t*L*) M*_ T t L? tUUitt
ThLM@M*|) M) }@??} ?i t}?@*t
‘i 4L_i* @** Lu |t M) UL?t_ih?} @ h4 U *Ltit @? i4T*L)ii @| @ Uih|@? _@|i
E|W @?_ |i? hiT*@Uit 4 | @ tihit Lu ?i i4T*L)iit iih) |L TihL_tc tL i@U
Lh!ih }i|t |L TihL_t Lu i4T*L)4i?| Ai ?i @}i?| t }h@?|i_ @? ?uLh4@|L?
ti| ? t ht| TihL_ Lu i4T*L)4i?| Lu U ’ iw3c %j c  5 W
nn
J__
c tL ?t|i@_ Lu @
t|Lh) Lu t}?@*t i hiUiit L?*) |i UL@htih LMtih@|L? Lu |i *!i*LL_ Lu tUUitt
Lu t Thi_iUittLh L? hiT*@Ui4i?| T*t t L? t}?@* W? t tiUL?_ @?_ ?@* TihL_
Lu i4T*L)4i?| i @t @ uh|ih LMtih@|L? tL Un ’ iw3c % c %nj c  n 5 W
nn
ee?

Ot UL@htih ?uLh4@|L? ti| ** ?@|h@**) hi_Ui |i tTii_ @ U t tUUitt h@|i
htit 6L**L?} wi44@ 2 }i? ? |i @TTi?_ i U@? _thi}@h_ |i t|hi@4 Lu
t}?@*t i% c  5 W
nn
ee?
jc @t ?L| ?iUitt@h) uLh |i T_@|?} ThLUitt ‘i U@? 4L_i*
|i 4ThL?} U@?Uit Lu tUUitt t?} @ t4T*i @)it@? *i@h??} ThLUitt @t _i?i_
Mi*LD
#i?|L? 2 wi| w| Mi |i ThLh ThLM@M*|) Lu tUUitt @| | @?_ w|n2 ’ s Ew|c %|nc
| 5 Wnn
J__
Mi |i TLt|ihLh  @)it@? *i@h??} ThLUitt Ew T_@|it w| M) |i ?i
t}?@* %|nc U t ULhhiU| | ThLM@M*|) Rc t|hU|*) ?Uhi@t?} |i L__t Lu tUUitt
|LG
wu
|n2 ’
w|R
2
w|Rn E w| E R
n
w| E R
2
w| E R n E w| R
‘*i wu
|n2 : w|c tL tUUitt h@|it _L 4ThLic |i 4ThLi4i?| |@!it T*@Ui 4Lhi
t*L*) |@? ?_ih |i w 6Lh UL4T@htL? ?L|i |i @*it Lu w| Lih |4i i?
i @tt4i |@| |i ?i @}i?| |@!it Lih i? | ’ D( i ** _i?L|i |i TL?| Lu
hiT*@Ui4i?| Lu |i Lh}?@* Lh!ih @t |W
8
Vhh irrwqrwh 71
H| wu E2*c | wu E2*c |
 fSS. EfSS.
 f.e Ef.e
D f.bf f.S
. fH2. f.H
b fHDD fHff
 fH.H fHD
 fHbS fH2H
D fb2 fHb
. fb2D fHeb
b fbD fHDH
A@M*i 2G  L4T@htL? Lu |i 5Tii_ Lu wi@h??} | @?_ |L| Ah?Lih
L|iG | |W ’ D hiT*@Ui4i?| LUUht ? |i wu E2*c | U@tic @?_ h@T_ |h?Lih
Mi}?t
W? A@M*i 2c wu
|
t |i ThLM@M*|) Lu tUUitt ?_ih |i w Eihi |i Lh!ih
t ?iih hiT*@Ui_c ihi@t wu
|
t |i ThLM@M*|) Lu tUUitt ? @ h4 | h@T_
|h?Lih E| |i Lh}?@* Lh!ih hiT*@Ui_ @| |W L|i |@| |i ?|@* ThLM@M*|)
Lu tUUitt ? ML| U@tit t t4T*) Rc U i ti| @t 2*
2 Ai W?uLh4@|L?@* Lt| Lu Ah?Lih ?i LMLt @TThL@U |L 4i@th?}
|i ?uLh4@|L?@* ULt| Lu |h?Lih t |L |@!i |i _gihi?Ui ? |i L__t Lu tUUitt ?_ih
?L |h?Lih @t LTTLti_ |L ?_ih |h?Lih
#i?|L?  Ai ?uLh4@|L?@* @*i Lu i Tihi?Ui EWV, t _i?i_ @tG
UT . ERc | ’ wu ERc | wu ERc |
Ai U4*@|i _gihi?Ui Mi|ii? |i tUUitt h@|it ?_ih |i w @?_ |i w
4i@thit |i Lih@** ULt| Lu hiT*@Ui4i?|c @?_ t @*tL t4T*) _i?i_
#i?|L? e Ai U4*@|i ?uLh4@|L?@* @*i Lu i Tihi?Ui EWV, _i?i_ |?
|i h@?}i |W E|i |4i Lu hiT*@Ui4i?| Lu |i Lh}?@* Lh!ih @?_ A E|i i?_ _@|i Lu
b0 20 40 60 80 100
0.6
0.7
0.8
0.9
1
NLP
BLP
Time
Su
cc
es
s r
at
e
8}ij  6}hi G 5UUitt h@|it ?_ih |i w @?_ w Lih |4i
|i |4i Lh3L? Lu ?|ihit| @tG
UT . ERc |Wc A  ’
]
A
r'|W

wu ERc r wu ERc r

_r
h ?@* ?L|L? Lu |i ?uLh4@|L?@* @*i Lu i Tihi?Ui 4@!it ti Lu @ ui ThLT
ih|it Lu wu ERc | @?_ wu ERc |
hLTLt|L?  6Lh R : fDc *i||?} A $ 4c i U@? ?_ @ ML?_i_ @*i Lu WV,
@tG
UT . ERc |Wc4 ’
]
A
r'|W

wu ERc r wu ERc r

_r
hLLu 5ii TTi?_ 
AL }i @? _i@ Lu @| |t 4}| *LL! *!i 6}hi  UL?t_iht |i |L tUUitt h@|it
uLh R ’ 2*c |W ’ Dc @?_ A ’ bb
 L k?L*i_}i Ah@?tuih ‘i U@? @t! |i ^it|L?G @| u |ihi t ?L |h@?t
uih Lu !?L*i_}i Mi|ii? Lh!iht @| @**q 5L ?L hiULh_t @hi !iT| @?_ hiT*@Ui4i?|
Lh!iht !?L ?L|?} @ML| |i t}?@*t Lh @U|L?t Lu |ih Thi_iUittLht W? |t U@tic
f
0 20 40 60 80 100
0.6
0.7
0.8
0.9
1
NLP
NKT
Time
Su
cc
es
s r
at
e
8}ij 4 6}hi 2G 5UUitt h@|it ?_ih w @?_ kA Lih |4i
i @i @ Mhiu TihL_ Lu *i@h??} M) i@U Lh!ih uL**Li_ M) @ u** hiti| L? hiT*@Ui
4i?| AL 4L_i* |t i t4T*) UL?t_ih |i w hi|h??} @*it wu ERc f |i?
wu ERc c @?_ hi|h??} |L wu ERc f ? TihL_  E| |i hiT*@Ui4i?| Lu |i
Uhhi?| Lh!ihctL i *i| i@U Lh!ih @i |L TihL_t Lu i4T*L)4i?| ‘i U@** |t
t@|LL| T@||ih? kA uLh ?L !?L*i_}i |h@?tuih
#i?|L? D L !?L*i_}i |h@?tuih EkA t @ ThLUitt U hi|h?t @*|ih?@|?}
@*it iwu ERc f c wu ERc  c wu ERc f c wu ERc  c j uLh A TihL_t
Ai tUUitt h@|i ?_ih kA t tL? ? 6}hi 2 uLh |i U@ti ihi R ’ 2

c
UL4T@hi_ | |i t|@?_@h_ ?Lh4@* *i@h??} ThLUitt
Ai t4T*U|) Lu |i t|@|L? | ?L !?L*i_}i |h@?tuih @**Lt @? i^@**) t4T*i
_ih@|L? Lu |i u** @*i Lu i Tihi?Ui
hLTLt|L? 2 Ai U4*@|i }@? ? tUUitt h@|it Lh h@ @*i Lu i Tihi?Ui< _i
?L|i_  ERc A  |L TihL_ A | ?__@* t}?@* tUUitt ThLM@M*|) Rc Lu ?L| hiT*@U?}
@ Lh!ih i? |ihi t ?L ThLtTiU| Lu @?) i Tihi?Ui |h@?tuih Mi|ii? Lh!iht t
 ERc A  ’
]
A
r'
wu ERc r _r
A
2

wu ERc  n R


hLLu 5ii TTi?_ 
‘*i i 4}| 4@}?i @hLt uLh4t Lu hiULh_ !iiT?}< i ** UL?t_ih @ hiULh_
|L Mi @ u** *t| Lu @** T@t| @U|L?t U t @@*@M*i |L |i Uhhi?| @}i?| L? _i4@?_
Ai *t| _Lit ?L| |i t}?@*t Lu L|ih @}i?|t E|@!i? |L Mi Th@|i ?uLh4@|L?c |L}
|i Uhhi?| @}i?| 4@) Mi @M*i |L ?uih |i T@t| t}?@*t Lu L|iht uhL4 |i hiULh_
#i?|L? S  hiULh_< t @ u** *t| Lu @U|L?t ic 2c c j }i? |L |i Lh!ih
@| |4i  
‘i U@? i@*@|i |i @*i Lu !iiT?} hiULh_t Lu |t |)Ti @t t4T*) |i U4*@|i
}@? ? tUUitt h@|it ?_ih w Lih @?_ @MLi |i t|@|L? | ?L !?L*i_}i
|h@?tuihc @?_ t U@*U*@M*i ? 4U |i t@4i @) @t  ERc A  M| |
U
A
r'
wu ERc r _r
hiT*@Ui_ |
U
A
r'
wu ERc r _r
#i?|L? . Ai @*i Lu hiULh_ !iiT?}< ?_ih h@T_ |h?Lih |L TihL_ A c |
?__@* t}?@* tUUitt ThLM@M*|) Rc _i?L|i_ o ERc A  t
o ERc A  ’
]
A
r'
wu ERc r _r
A
2

wu ERc  n R

5L u @ Lh!ih t hiT*@Ui_ t i Tihi?Ui t *Lt|c ?*itt @ hiULh_ hi4@?t U @**Lt
@ u|hi Lh!ih |L ?uih tL4i Lu t Thi_iUittLh<t t}?@*t @?_ |ihiuLhi hiULih tL4i
Lu |i *Lt| i Tihi?Ui
O@?} _ii*LTi_ @ ?L|L? Lu |i tUUitt h@|i Lu @ Lh!ih ? @ _iUtL?4@!?}
LUUT@|L?c L |t 4}| Mi @giU|i_ M) hiT*@Ui4i?|c @?_ @hLt 4i@thit Lu
i Tihi?Ui *Lt|c i U@? ThLUii_ |L i @4?i |i 4T@U| L? |i h4 Lu |i i Tihi?Ui
}@|ih?} ThLUitt Lu Lh!iht
e YAji|B A $jWtNAB"A}
Nt?} |i t@4i 4L_i*c i U@? U@h@U|ih3i |i ThLM*i4 Lu ?ih|@ ? _iUtL?
4@!?} ‘i UL?t_ih @ T@h|U*@h ThLM*i4G ) t | |@| @u|ih @? i4T*L)ii @t Mii?
hi_ t hiT*@Ui4i?| ** Lu|i? UL?|?i | |i t@4i TL*U)q Lhi tTiUU@**)
i @4 |L tL |@| |i Lh}?@* Lh!ih t 4Lhi @M*i |L U@?}i @U|L?t |@? t t
tUUittLh L @t @UUitt |L t Thi_iUittLh<t *@t| @U|L? @?_ |iLh3i_ tUUitt h@|i
i? |ihi t hiULh_ !iiT?} tL hiT*@Ui4i?| Lh!iht ti @)it@? *i@h??} AL }i
2
@ t4T*i i @4T*ic UL?t_ih |i uL**L?} t|@|L? Ai Lh}?@* Lh!ih hiUiit |i
t}?@*tG iMcucMcuj Ot @U|L?t @hiG itc tc tc t j Wu i ihi |L t|@) ? |i LM @?_
hiUii t| L?i 4Lhi u t}?@* i L*_ t|U L| Lu |i tihit Lu t @U|L?t @?_ LT|
uLh @?   OLiih @ t?}*i u 4@) i** Mi ?tUi?| uLh @ ?i i4T*L)ii L @t
LMtihi_ i|ih @ ti^i?Ui Lu t _iUtL?t M) t Thi_iUittLhc Lh L @t U@*U*@|i_
|i tUUitt h@|i Lu t Thi_iUittLh @?_ !?Lt |t |L }hi@|*) i Uii_ |i ThLM@M*|) Lu
t L? u t}?@* Mi?} ULhhiU| Et4T*) R W?||i*) | t U*i@h |i? |@| |i Lh}?@*
Lh!ih<t @UUitt |L |i u** t}?@* t|Lh) }h@?|t 4 |i @M*|) |L @L_ @| i **
? |t tiU|L? U@** i Uitt ?ih|@
e , Uitt W?ih|@ 6Lh } @*it Lu | @? ?U4Mi?| Lh!ih<t tUUitt h@|i Lu
wu ERc | ** @TThL@U  ,i? uLh *L | |t ** t|hU|*) i Uii_ R ? hiT*@Ui4i?|c
@| |4i | ’ |W : c @ ?i Lh!ih<t t}?@* ** @i @? ?_iTi?_i?| tUUitt ThLM@M*|)
Lu Rc |ihiuLhi i U@? t@) | Uih|@?|) |@| |i @U|L? |@!i? ? TihL_ |W  c **
_L4?@|i |i @U|L? 4T*i_ M) t}?@* %|W At t }i? @t wi44@  Mi*L @?_
uL**Li_ M) |i 4@? hit*| ? |t tiU|L?
wi44@  W44i_@|i*) @u|ih @ ?i @TTL?|4i?| @| | ’ |W : c @ ?i Lh!ih **
@*@)t uL**L |i @U|L? Lu t _hiU| Thi_iUittLhc tL |W ’ |W3
hLLu 5ii TTi?_ 
hLTLt|L?  , Uitt W?ih|@ L?t_ih |L TLttM*i tUi?@hLtG E@ L +iT*@Ui
4i?|< ? ?U4Mi?| Lh!ih hi4@?t ? t TLt| @| |4i | ’ |W : c }@??} @ ?i
t}?@* %|W( Lh EM +iT*@Ui4i?|< Oi t hiT*@Ui_ M) @ ?i Lh!ih L t @@hi Lu ML|
|W3 @?_ w
u ERc |W  c @?_ L hiUiit |i t@4i ?i t}?@* %|W  Ai *!i*LL_
t }ih |@| |W ’ |W3 ?_ih ?L hiT*@Ui4i?| E@ |@? ?_ih hiT*@Ui4i?| EM
hLLu 5ii TTi?_ 
At ThLTLt|L? ThL_it @ U*i@h 4itt@}i U t @| L__t | UL44L? uL*!*Lhi L?
?U4Mi?| Lh!ihtG @? ?U4Mi?| Lh!ih t 4Lhi *!i*) |L U@?}i TL*U) |@? L*_
Mi t hiT*@Ui4i?| u |ihi t hiULh_!iiT?} 5?Ui |i @U|L?t Lu |i )TL|i|U@*
?U4Mi?| ThL_i Lh ht| Mit| iUi?| Mi?U4@h!c i !?L |@| i @i @ ThLM*i4
Lu i Uitt ?ih|@ @u|ih |i ?|@* hiT*@Ui4i?| W? T@h|U*@h |t ThL_it @ UL?|ih
@U|?} hi@tL? ) i 4}| ?L| @?| hiULh_!iiT?} +iULh_t h@ti |i L__t Lu

tUUitt M) hiULih?} *Lt| i Tihi?Uic M| @t |i) *t| @U|L?t ?L| t}?@*t |i) 4@)
ThL_i @ _t|Lh|i_ i Lu |i T@t| @?_ ? T@h|U*@h i?ULh@}i ?ih|@ ? Mi@Lh
Oht*iuih @?_ ‘i*U E2ff2 ThL_it @ ?Ui i @4T*i uhL4 bb wLt Biht|?ih @
uLh4ih , Lu +a+ @MtUL |@!?} Lih @t , Lu W @u|ih aL? !ihtc @t _i*)
Uh|U3i_ uLh u@*?} |L U@?}i t Thi_iUittLh<t TL*Uit _itT|i @ *L?} TihL_ Lu TLLh
TihuLh4@?Ui Et?itt ‘ii!c .%2S%b Ai ?_?} ihi ThL_it |L 4itt@}it uLh
h4t 6ht|*)c @ h4 tL*_ ?L| i TiU| @ h@|L?@* hiT*@Ui4i?| Lh!ih |L uLh}i @i@_
^U!*) | ?i TL*Uit i? t Thi_iUittLh i*_ _L? |i LM uLh @ ?L?|h@*
TihL_ Lu |4i @?_ @_ @ i**_LU4i?|i_ TL*U) Lu @U|L? W? Lh_ih |L U@?}i TL*Uit
|i ?i i4T*L)ii ?ii_t |4i |L M*_ T tUi?| t}?@*t U t}}it| @ ?i ULhti
Lu @U|L? 5iUL?_*)c u @ h4<t t@hiL*_iht @i tL4i Mi*iu |@| U@?}i t ?ii_i_
|i) tL*_ uh?t |i ?i i4T*L)ii | @__|L?@* t}?@*t U t}}it| |t t @
}LL_ _i@ ? Lh_ih |L i*T UL4Ti?t@|i uLh i Uitt ?ih|@c Lh t4T*) !iiT |i tiUL?_
i4T*L)ii tL*@|i_ uhL4 |i Mi@Lh Lu t Thi_iUittLh
D NAW,tNA
W? ?_t|hit U@h@U|ih3i_ M) *i@h??}M)_L?} @?_ _iUtL?4@!?}c i Tihi?Ui
@t @hLt 4TLh|@?| @giU|t W| }i?ih@|it @? iUL?L4U hi?| U @? ?U4Mi?| U@?
T@h|@**) LM|@? Lih @?_ @MLi |i L|t_i t@*@h) LT|L? W| 4@!it *@MLh|h?Lih
i Ti?ti |L |i h4c @?_ t|it hiULh_ !iiT?} i? Th@|i ?uLh4@|L? t 4TLh
|@?| W| i T*@?t ?ih|@ ? _iUtL?4@!?} @u|ih |i hiT*@Ui4i?| Lu @? i4T*L)ii
‘@| tL*_ h4t _L |L |@!i |t ULt| ?|L @UUL?|q w@h}i*) |t t _L?i @*hi@_)
W? _iUtL?4@!?} ?_t|hit ihi t}?@*t @hi @h_ |L i |h@U| E|i *i}@* @?_ 4i_
U@* tiU|Lht Mi?} LMLt i @4T*it iUL?L4U hi?|t @hi ?_LM|i_*) U@T|hi_ M)
i Tihi?Ui_ i4T*L)iitc @?_ T@h|?ihtTt @hi |i ?@|h@* @) uLh @ Th@|i h4 |L Mi
Lh}@?3i_ W? ?@?U@* h4t ?L| Lh}@?3i_ ? T@h|?ihtTt t@*@hit 4@) Mi ii? 4Lhi
?@|i_ |hL} i Tihi?Ui 5L4ic ?L|@M*) i_}?} u?_tc @hi Lu|i? t4@** | L?
iht @U|?} @t u?_4@?@}iht @?_ 4@!?} |i M*! Lu _iUtL?t |? |i h4c tL L?Ui
@}@? |i i Ti?ti M@h}@??} ThLUitt Mi|ii? Lh!ih @?_ L?ih U@? Mi igiU|i*)
}?Lhi_ Ai t|i@_) hti Lu t@*@hit |hL} ThL4L|L? @?_ ii? t4T*) |hL} @
4i@thi Lu _h@|L? | @ h4 t |it|4L?) |L |i @*i T*@Ui_ L? i Tihi?Ui @?_ @?
Lih@** UL?Uih? @ML| u@t| |h?Lih w@MLh L@h_?} ? |4it Lu hiUittL? 4@) @*tL
e
Mi @?L|ih t}? Aihi t @? i?|hi 4@UhLiUL?L4Ut *|ih@|hi L? |t U }Lit i**
Mi)L?_ |i Uhhi?| T@Tih , Uitt ?ih|@ t @*tL U*i@h*) @ ThLM*i4c @?_ ? 4Lt| U@tit
|i hitTL?ti t t4T*) |L @| ?|* @ ?i i4T*L)ii U@? M*_ T i?L} i Tihi?Ui
|L UL?_i?|*) Lih|h? @ T@t| TL*U) ?i TLttM*i u@U| U 4}| Mi i T*@?i_ @
i Uitt ?ih|@ t |i Lu|i? thTht?} _iUtL? |L Mh?} ? @ }*ii* i4T*L)ii uhL4
L|t_i Lu |i i?|hi tiU|Lh Ai @4 4}| Mi |L ?t*@|i @ ?i i4T*L)ii uhL4 |LL
4@?) ThiUL?UiT|L?t @ML| |i ULhhiU| TL*U) |L Thti
D
-jujijAWjt
@?ihiic  V Ebb2  54T*i L_i* Lu Oih_ i@Lh<c "@h|ih*) aLh?@* Lu
,UL?L4Utc f.c TT .b.H.
!U@?_@?c 5c Oht*iuihc # @?_ ‘i*U W Ebb2  AiLh) Lu 6@_tc 6@t
L?c t|L4 @?_ *|h@* @?}i @t W?uLh4@|L?@* @tU@_it<c aLh?@* Lu L*|U@*
,UL?L4)c ffc TT bb2f2S
Oht*iuihc # @?_ ‘i*Uc W E2ff2 ? ,UL?L4U TThL@U |L |i t)UL*L}) Lu
@?}iG 4?it@c W?ih|@c @?_ W4T*ti?itt< 6Lh|UL4?} ? aLh?@* Lu ,UL?L4Ut
@?_ @?@}i4i?| 5|h@|i})
i)ihc   Ebb wi@h??} uhL4 L@hti W?uLh4@|L?G @ti_ L?|it|t @?_
@hiih hL*it<c +ii Lu ,UL?L4U 5|_itc DHc TT De
5}hLc # E2fff T|43?} W?uLh4@|L? ? |i Oih_G B?i@ }tc hL|t @?_
‘i*u@hi<c i*_ L**i}i #tUttL? @Tih ‘e2fff 6Lh|UL4?} ? B@4it @?_
,UL?L4U i@Lh
5}hLc # E2ff L?|hL**?} |i Oih_G TT*U@|L?t Lu Oih_?} AiLh)<c N?iht|)
Lu @4Mh_}i #iT@h|4i?| Lu TT*i_ ,UL?L4Ut ‘Lh!?} @Tih ffS
‘i*Uc W Ebb2 5i^i?|@* 5@*itc wi@h??}c @?_ @tU@_it<c aLh?@* Lu 6?@?Uic
e.c TT SbD.2
S
VVjAa!
hLLu Lu hLTLt|L? G
hLLu ) _i?|L?c uLh R : fDc |i ThLUittit wu ERc | @?_ wu ERc | @hi 4L?L
|L?U t|hU|*) ?Uhi@t?} u?U|L?t ) _i?|L? @t ThLM@M*|itc |i u?U|L?t @hi
ML| ML?_i_ @MLi M)  L?t_ih @?) 0 : f tU |@| wu ERc | Lh wu ERc |
@t)4T|L|i |L 0 ) ULUi Lu @ tUi?|*) }hi@| @*i Lu | i U@? ?_ wu ERc | :
  0c @?_ wu ERc | :   0 At U*i@h*) L*_t |hi uLh @?) @*i Lu 0 : f
AihiuLhi i 4t| ti| 0 ’ fc U it|@M*tit |@| *4|<"iw
u ERc |j ’  @?_
*4|<"iw
u ERc |j ’  6h|ihc M) _i?|L?c wu ERc |W ’ wu ERc |W Aihi
uLhi *4|<"iUT . ERc |j ’ f @?_ UT . ERc |
W ’ f L *i||?} A $ 4c M) |i
_i?|L? Lu WV, i @i @ ML?_i_ @*i @t hi^hi_
hLLu Lu hLTLt|L? 2G
hLLu , Tihi?Ui ?_ih ?L !?L*i_}i |h@?tuih hi|h?t @*|ih?@|i @*it Lu wu ERc fc
wu ERc c wu ERc fc i|U 5?Ui wu ERc f ’ Rc |i _gihi?Ui Mi|ii? |iti t t4
T*) wu ERc  R AL ?_ |i @hi@ ?_ih |t ThLUitt ULhhitTL?_?} |L U4*@|i
i Tihi?Ui i U@? ti t4T*i }iL4i|h) A@!i |i |h@?}*@h @hi@t E}i? M) |i t4
T*) uLh4*@ 
2
M@ti  i}| uLh @ h}|@?}*i_ |h@?}*i 
2

wu ERc  R

T*t |i
t^@hi @hi@ Mi*L Rc U t t4T*) wu ERc f ’ R L @__ |iti @?_ 4*|T*) M)
|i *i?}| Lu |i ThLUitt A |L }i A
2

wu ERc  n R

 Ai @hi@ ?_ih |i w t
t4T*)
U
A
r'f
wu ERc r _r Ai @*i
U
A
r'
wu ERc r _r  A
2

wu ERc  n R

c |ihi
uLhi hi|h?t |i i |h@ U4*@|i tUUitt h@|i }@?i_ M) ?L| hiT*@U?} |i Lh!ih
hLLu Lu wi44@ G
hLLu 6Lh |W : c i @i |@| wu ERc |W   : R 5?Ui h d%| ’ M m T ’ o ’ R
@?_ h d%| ’ u m T ’ fo ’ Rc M) _i?|L? uLh ;|c ?U*_?} | ’ |
Wc |i?c }?Lh?} |i
@U|L?t Lu |i ThLUii_?} Lh!ih @?_ uL**L?} |i @_Ui Lu |i t}?@* %|Wc hit*|t
? @? i TiU|i_ ?UL?_|L?@* T@)Lg Lu RT c ihi@t uL**L?} |i ?@* @U|L? Lu |i
ThLUii_?} Lh!ih hi|h?t @? i TiU|i_ ?UL?_|L?@* T@)Lg Lu wu ERc |W  T :
RT  AihiuLhi ti||?} |W ’ |W3 hi|h?t @ }ih i TiU|i_ T@)Lg |@? ti||?}
|W ’ |W3c hi}@h_*itt Lu |i @*i Lu %|W
.
hLLu Lu hLTLt|L? G
hLLu 6hL4 wi44@  i @i h

|W ’ |W3 m tUi?@hL EM

’ f W| tihit |L t4T*)
tL h

|W ’ |W3 m tUi?@hL E@

: f At t i@t*) @Uii_ M) ?_?} L?i Lh
4Lhi i @4T*it Lu TLt|i ThLM@M*|) ?_ih U |W ’ |W3 t L?*) L?i i @4T*i
t tUi?|c UL?t_ih |i uL**L?} ii?|c # ’ di%|j
|
W
|'
’ iMcucMcuc uj : UL? Tt
? u@Lh Lu | ’ t @| |4it | ’ 2 @?_ | ’ eo Ai ii?| # ** ThL_Ui |W3 ’ t c
@?_ |W ’  9’ |W3 @?_ LUUht | ThLM@M*|)

e
R2 E R : f uLh R : fD
?_ih T ’  @?_ ThLM@M*|)
e
R E R2 : f uLh R : fD ?_ih T ’ f AihiuLhi
h

|W ’ |W3 m tUi?@hL E@

: h

|W ’ |W3 m tUi?@hL EM

’ f
wi44@ 2 W| t i@!*) LT|4@* |L _thi}@h_ t}?@* % c  5 W
nn
ee?
i? _iU_?} L?
@U|L?  
hLLu L?t_ih @? @}i?| @| |4i  5 Wnn
ee?
| @ t|Lh) Lu t}?@*t M3 L
i U@? T@h||L? |i t|Lh) Lu t}?@*t ?|L |L @*|ih?@|itG E@
S
3
|'
t't  :S
3
|'
t'( @?_ EM
S
3
|'
t't  	
S
3
|'
t'
6ht| UL?t_ih E@ ‘i U@? uh|ih tM__i E@ ?|L |L @*|ih?@|itG E
S
3
|'
t't 
:
S
3
|'
t'n2( @?_ E
S
3
|'
t't  ’
S
3
|'
t'n W? U@ti E |i |*|)
4@ 43?} ULUi Lu @U|L? @| |4i | ’  t  ’ t c hhitTiU|i Lu %  W? U@ti E u
% ’ Mc |i? . d E ’ t  m U o ’ . d E ’  m U oc tL i 4}| @t i** ULLti
@U|L?  ’ t  U|L?  ’ t t |ihiuLhi i@!*) LT|4@* hi}@h_*itt Lu % 
L UL?t_ih EM ‘i U@? @}@? uh|ih tM__i EM ?|L |L @*|ih?@|itG ES
3
|'
t't  n 2 	
S
3
|'
t'( @?_
S
3
|'
t't  n  ’
S
3
|'
t' W? U@ti
E |i |*|) 4@ 43?} ULUi Lu @U|L? @| |4i | ’  t  ’  c hhitTiU|i Lu % 
W? U@ti E u %A ’ Mc |i? . d E ’ t  m U o ’ . d E ’  m U oc tL i 4}|
@t i** ULLti @U|L?  ’   U|L?  ’  t |ihiuLhi i@!*) LT|4@* hi}@h_*itt
Lu % 
L|i |@|
S
3
|'
t't  ’
S
3
|'
t' t h*i_ L| @t    5 W
nn
J__

AihiuLhi | t |hi uLh iih) U@ti |@| |i h*iG ULLti |i @U|L? 4T*i_ M) |i
t|Lh) M3c hi}@h_*itt Lu |i t}?@* % c t i@!*) LT|4@*
